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EXPRESSION O F A  CEL L DEAT H MARKE R (CLUSTERIN ) 
IN MUSCL E TARGE T FIBER S 
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SUMMARY —  W e report , fo r th e firs t time , th e expressio n o f immunoraactivit y t o clusteri n 
in skeleta l muscle . Clusterin , a  protei n probabl y relate d t o th e proces s o f programme d cel l 
death (apoptosis) , wa s specificall y ver y highl y expresse d i n targe t fibers . Al l targe t fiber s 
found i n 5 0 muscl e biops y sample s fro m a  variet y o f neuromuscula r disorder s expresse d a 
high concentratio n o f clusteri n i n th e middl e o f th e targets . Clusteri n wa s no t expresse d i n 
any targetoi d fiber s o r cores . Acut e denervation , wher e target s ar e mostl y seen , ma y b e th e 
beginning o f apoptosis . Henc e ou r finding s suppor t th e concep t tha t target s ar e harbinger s 
of acut e denervation . 
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Expressão d e marcado r d e mort e celula r programad a (apoptosis ) e m fibra s musculare s com 
«target». 
RESUMO —  Descrevemos , pel a primeir a vez , a  expressã o d e imunorreatividad e par a clusterin a 
em múscul o esquelético . Clusterina , proteín a relacionad a a o process o d e mort e celula r progra -
mada (apoptosis) , encontrou-s e especificament e muit o aumentad a e m fibra s musculare s co m 
«target» ( F T ) . Toda s a s F T encontrada s e m 5 0 biópsia s musculare s d e paciente s co m dife -
rentes doença s neuromusculare s apresentara m alt a concentraçã o d e clusterin a n o centr o da s FT . 
Clusterina nã o estev e semelhantement e aumentad a e m fibra s co m «targetóide » o u co m «core» . 
A alt a expressã o d e clusterin a e m «targets » indic a qu e F T pode m se r o  iníci o d e apoptosi s e 
que h á íntim a relaçã o entr e F T e  desnervaçã o aguda . 
PALAVRAS-CHAVE: múscul o esquelético , fibra s co m «target» , clusterina . 
Clusterin, a  recentl y clone d an d sequence d gene 3 i s a  representative , an d 
probably specific , marke r relate d t o processe s o f programme d cel l deat h (apop -
tosis) i n mammalia n cells 2'9. Originall y characterize d a s a  constitutivel y expres -
sed gen e produc t i n mammalia n Sertol i cells 3, th e expressio n o f clusteri n i s 
now als o associate d wit h apoptosi s (ordere d an d activ e proces s o f acut e onse t 
of cellula r atroph y an d death ) i n man y huma n tissue s i . 
Taking advantag e o f thi s recen t discovery , w e studie d 5 0 sample s o f ske -
letal muscl e i n searc h o f th e expressio n o f thi s protei n i n a  variet y o f neuro -
muscular disorders . W e hav e demonstrate d a  hig h expressio n o f thi s gen e i n 
target fiber s (TF) . 
MATERIAL, AN D METHOD S 
Muscle biops y specimen s obtaine d fro m 5 0 patient s wit h a  variet y o f neuromuscula r 
disorders, diagnose d a t Columbi a University , (Tabl e 1) , wer e evaluate d b y immunohistoche -
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mistry usin g a n antiseru m agains t clusteri n (generousl y supplie d b y Dr . C . Ya n Cheng , Rocke -
feller University) . A s par t o f th e diagnosti c work-up , al l sample s ha d been , analyse d wit h 
routine paraffin-embedde d staine d section s an d histochemistry , accordin g t o standar d criteria5 . 
All skeleta l muscle s wer e immediatel y froze n i n liqui d nitrogen . Fo r immunohistochemica J 
study, specimen s wer e oriente d fo r transvers e 1 0 micrometers-thic k sectionin g an d mounte d 
2 pe r standar d microscopi c slid e coate d wit h 0.1 % poly-D-lysine . Unfixe d o r fixe d section s 
in aceton e i n a  Copli n ja r fo r on e mi n a t roo m temperatur e wer e washe d i n PB S fo r lOmi n 
and the n i n sequenc e covere d wit h a  1:1 0 dilutio n o f norma l goa t seru m i n PB S fo r 1 0 min 
to bloc k nonspecifi c bindin g site s i n th e sectio n an d incubate d i n a  humidifie d chambe r fo r 
2 hour s a t roo m temperatur e wit h rabbi t antiseru m t o clusteri n dilute d i n differen t dilution s 
(1:50 t o 1:500 ) i n PBS . Slide s wer e washe d i n PBS , covere d wit h 1:2 0 dilutio n o f goa t anti -
rabbit Ig G FIT C conjugat e (Sigma ) fo r 3 0 min, washe d i n PB S an d coverslippe d wit h a  syn -
thetic mountant . 
Control section s wer e processe d i n a n identica l manne r substitutin g a  preimmun e rabbi t 
serum fo r th e primar y antibody . 
To determin e whethe r th e observe d stainin g wa s du e t o th e anti-clusteri n antibod y 
activity, 3 0 microliter s o f th e ser a wit h anti-clusteri n wer e absorbe d b y incubatin g wit h 3. 5 
micrograms o f pur e protei n (clusterin ) durin g a  perio d o f 8  hours . Th e immunoprecipitat e 
was remove d b y centrifugatio n an d th e absorbe d seru m wa s teste d fo r bindin g t o section s 
of th e skeleta l muscle . 
Sections wer e examinate d wit h a  fluorescenc e microscop e (Zeiss ) an d a  confoca l micros -
cope. Photomicrograph s wer e take n wit h a  Niko n camer a usin g Ektiachrom e P80O/160 O fil m 
for colo r slide s (Kodak) . Colo r print s wer e develope d fro m thes e slide s an d kep t a s th e 
permanent record . 
RESULTS 
Immunbstaining i n muscl e fiber s wit h anti-clusteri n antibod y wa s see n i n al l 5 0 cases , 
but th e expressio n o f clusteri n wa s markedl y increase d i n 4  samples , 1  wit h amyotrophi c 
lateral sclerosis , 2  wit h chroni c neuropathies , an d 1  wit h polymyositis . Al l thes e 4  specimen s 
depicted targe t fibers . Clusteri n wa s expresse d mostl y i n th e cente r o f th e muscl e fiber s 
(Fig. 1 ) tha t harbore d th e target , previousl y evidence d wit h NADH-t r (Fig . 2). Th e intensit y 
of stainin g remaine d stron g a t dilution s o f u p t o 1:500 , an d wa s mos t intens e afte r aceton e 
fixation fo r on e minut e a t roo m temperature . Suc h marke d patter n o f stainin g wa s foun d 
only i n targe t fibers , an d wa s see n mainl y i n norma l o r slightl y atrophi c muscl e fibers , bu t 
rarely i n totall y atrophi c fibers . I n tw o case s tha t presente d wit h a  larg e numbe r o f TF , 
seen i n smal l groups , ther e wa s a  broa d variatio n i n th e siz e o f th e targets , bu t th e immuno -
reactive patter n wit h anti-clusteri n was th e sam e i n al l fiber s o f th e sam e specimen . Studie s 
of thes e finding s wit h a  confoca l microscop e (tha t permit s th e analysi s o f differen t level s i n 
the sam e section ) detecte d a  unifor m stainin g i n th e cente r o f th e T F a t al l levels . 
T F tha t showe d a n advance d stag e o f secondar y degeneration s 8, see n i n on e o f th e pati -
ents wit h a  chroni c neuropathy , ha d a n immunoreactiv e stainin g weake r tha n i n th e one s 
without suc h abnormality . N o immunoreactivit y wa s detecte d i n th e middl e o f th e targe t o f 
fibers depictin g secondar y degeneratio n (Fig . 3) . 
All othe r structura l abnormalitie s foun d i n ou r material , tha t included , targetoi d fibers , 
central cores , moth-eate n fibers , cytoplasmi c bodies , ringbindens , ragged-re d fibers , rimme d 
vacuoles, necroti c fibers , tubula r aggregates , an d regeneratin g fibers , showe d n o reactio n wit h 
this antiseru m (Fig . 4). 
Color reactio n wta s no t observe d i n an y negativ e contro l sections . 
Pre-absorption wit h pur e clusteri n remove d al l bindin g activity . 
COMMENTS 
The presen t stud y i s th e firs t t o demonstrat e th e expressio n o f clusteri n 
in skeleta l muscle . The  mos t strikin g findin g wa s th e hig h expressio n o f thi s 
protein i n targe t fibers . 
Target fiber s (TF) , firs t reporte d i n huma n skeleta l muscl e b y Enge l 6, ar e 
characterized b y myofiber s havin g thre e concentri c zone s (central , intermediat e 
and outer) . T F ar e detectabl e b y phosphotungsti c acid-haematoxylin , histoche -
mical analysi s o r electro n microscopy . Ther e i s considerabl e morphologica l an d 
histochemical informatio n abou t TF , bu t thei r morphogenesi s an d significanc e 
are stil l debate d 8. T P ar e generall y interprete d a s indicator s o f recen t dener -
vation long-standin g incomplet e denervation^ , 0 r reinervation 4. 
The markedly increased immunoreactiv e clusterin i n T F indicates tha t thes e 
structures ar e relate d t o a  process o f apoptosis , an d ma y represen t a n earl y sig n 
of denervation . Th e expressio n o f clusteri n i n T F seeme d t o b e synchronou s 
since th e intensit y an d patter n o f stainin g o f th e antibod y wa s th e sam e i n al l 
targets see n in each o f th e cases . Th e synchronic respons e o f th e skeleta l muscl e 
is anothe r indicato r tha t T F ar e probabl y relate d t o denervation . W e assum e 
that denervatio n lead s t o apoptosi s an d on e o f th e form s tha t apoptosi s ma y be 
expressed i n muscl e i s a s targets . T F (an d apoptosis ) star t i n th e cente r o f th e 
muscle fibe r leadin g t o degeneratio n o f th e myofibril s i n th e directio n o f th e 
periphery o f th e fiber . A s th e proces s continues , target s «degenerate » an d th e 
process o f apoptosis , tha t ha d starte d a t th e cente r o f th e targets , follow s a 
course ye t t o b e determined . Th e immunostainin g patter n o f th e T F show n i n 
Fig. 3 seem s t o suppor t thi s theor y —  afte r th e demarcatio n o f th e centra l area , 
the expressio n o f th e protei n become s absen t i n th e middl e o f th e fiber , whil e 
the peripher y continue s t o sho w immunoreactivity . I n addition , weake r immuno-
reactivity i n T F presenting secondar y degeneration , suggest s tha t th e expressio n 
of clusteri n decrease s wit h tim e afte r th e lesion . 


The expressio n o f clusteri n i n TF , bu t no t i n targetoi d fiber s o r i n cor e 
fibers, structure s tha t ar e simila r b y electro n microscopy , indicate s tha t thes e 
structures d o no t develo p a t th e sam e tim e a s TF , an d d o no t shar e a  commo n 
mechanism o f appearance . O n th e other  hand , targetoid/cor e fiber s coul d appea r 
at anothe r momen t o f th e denervation/reinervatio n process , whe n clusteri n i s n o 
longer expressed . 
The actua l functio n o f clusteri n i n skeleta l muscl e remain s t o b e clarified . 
If T F ar e reversible , clusteri n migh t b e a  protectiv e protein , i f not , clusteri n 
would als o be , i n muscle , a  harbinge r o f apoptosis . 
Further prospectiv e studie s a t th e molecula r level , wit h experimenta l tar -
get-like lesion s i n skeleta l muscle , ma y bette r characteriz e th e relationshi p be -
tween TF , clusteri n an d periphera l nerve . 
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